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ScienceDirectDisparity between the knowledge produced and knowledge
required to address complex environmental challenges, such
as biodiversity conservation and climate adaptation,
continues to grow. Systems thinking under the Open
Standards for Conservation framework can help close this gap
by facilitating interdisciplinary engagement, advancing
conversations on how environmental systems work, and
identifying actions that could be implemented to achieve
defined conservation goals. Here, we present a modelling
exercise for one of the most endangered forested systems in
the world: The Gran Chaco. We focus on unsustainable
hunting, a pressing threat to this system. We highlight
knowledge gaps that underpin all parts of an adaptive
management process from understanding key relationships in
social-ecological systems to design and implementation of
strategies for Gran Chaco conservation as well as evaluation
of outcomes.
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Introduction
It is difficult to imagine a greater challenge than solving
the environmental problems of the Anthropocene [1].
Both social and natural scientists play vital roles by
developing knowledge that informs environmental deci-
sion making. For example, overexploitation of natural
resources is one of the leading causes for global biodiver-
sity decline [2]. Switching from overexploitation to sus-
tainable harvest of natural resources can be a monumental
task. Among other things, this transition requires under-
standing socio-economic factors that explain why natural
resources are overexploited, the ecological foundations of
sustainable harvest rates, and cultural, political, and eco-
nomic barriers to implementation of sustainable strate-
gies. An interdisciplinary team composed of researchers
from different disciplines is key to this process and for an
adaptive path forward. Furthermore, knowledge is only
one factor that limits solving environmental problems, as
worldviews, value systems, and other human perspectives
influence decisions at all levels. Social scientists can help
decision makers understand and integrate these perspec-
tives into decision-making. However, the ability of
researchers to embrace transdisciplinarity (i.e. researcherswww.sciencedirect.com
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Box 1 The Open Standards framework
The Open Standards encompasses five steps that comprise the
management cycle of a conservation project [15,16]: 1) Concep-
tualization. This includes a vision of the desired conservation state
and creation of a conceptual model of the system. Conservation
work takes place through projects with defined goals and objectives,
usually aimed at conserving certain biological entities (e.g. species,
communities, ecosystems; [14]) and often the ecosystem services
that these provide. These entities can be defined as biodiversity
targets, subjected to reduction, degradation or modification by
human activities, defined as direct threats (Figure 1). A chain of
social, economic, institutional or cultural factors usually drives the
occurrence and/or persistence of direct threats, and these are
identified as contributing factors (Figure 1). 2) Plan, actions, and
monitoring. The project team develops desired goals and strate-
gies, which comprise conservation actions to achieve goals. Goal
setting is one of the most important, but perhaps overlooked, steps
because it forces consensus on what the team is trying to accom-
plish. Strategies can be applied to any project component (i.e.
conservation targets, direct threats, contributing factors; [14]). In this
step, the team also designs a monitoring plan to evaluate effective-
ness of strategies and progress towards goals. A critical step in this
process is development of results chains [17]. A results chain lays
out explicit causal linkages between a proposed strategy and
desired outcomes through a series of intermediate results ([17];
Figure 2). 3) Implement actions and monitoring. Actions proposed
in the previous step are implemented and monitored. 4) Analyze,
use, and adapt. Here, the team analyzes monitoring data to assess
effectiveness of proposed actions and adapts the conceptual model
and conservation actions, if necessary. The team then uses this
information for the last step, 5) Learning and sharing. After these
steps, the cycle starts over again.and non-researchers working as a team) and develop
knowledge that can help solve environmental problems
remains limited [2,3]. Consequently, the disconnect
between knowledge produced and knowledge required
to solve environmental problems continues to grow.
Numerous reasons could explain this disconnect [4];
however, two stand out. First, environmental problems
are complex (i.e. many components spanning many
disciplines). In conservation and related environmental
fields, the study of complex systems is uncommon
relative to studies that focus on proximate causes of
environmental problems [5]. As a result, problems are
compartmentalized, interactions among system compo-
nents are unknown, and significant knowledge gaps are
overlooked. Second, decision makers and diverse teams
of scientists rarely interact in design and implementation
of research programs aimed at producing a knowledge
base for conservation. (Note, herein we use the term
decision makers for people charged with making natural
resource management decisions, ranging from protected
area managers and other conservation practitioners to
policy makers). As a result, scientific recommendations
emerging from research frequently are vague and imprac-
tical [6], and critical elements such as feasibility assess-
ments for implementation of recommendations are not
incorporated into research [7,8]. Rigorous research that
minimizes uncertainties and elucidates underlying mech-
anisms for problems is a lengthy endeavor. Decision
makers often work under time constraints and must take
action with the best available information even though
understanding of the problem is incomplete. Thus,
researchers frequently fail to address critical information
needs of decision makers within a useful timeframe, and
decision makers sometimes oversimplify problems [9].
Furthermore, information needs of decision makers are
dynamic: they are defined by the strategies chosen to
address a problem rather than solely emerging from the
need to understand the problem. Information needs
change as strategies are implemented and evaluated.
Without feedback between researchers and decision
makers, important information gaps continue to emerge
and persist. Co-design of research programs by scientists
and decision makers based on adaptive frameworks could
help overcome obstacles for applying science to conser-
vation [7,10,11,12].
The Open Standards for Conservation [13] provides a
practical tool to deal with complex systems and facilitates
linking researchers and decision makers to solve pro-
blems. Major conservation NGOs created the Conserva-
tion Measures Partnership with the aim of developing a
common framework that could help define conservation
goals, take effective conservation actions, and measure
progress in reaching goals [13,14]. To this end, the Open
Standards for the Practice of Conservation (henceforth,
Open Standards; Box 1) was created as a freely availablewww.sciencedirect.com framework based on an adaptive management cycle [15].
This framework integrates design, planning, monitoring,
and systematically testing of system assumptions in order
to learn and adapt.
Here, we demonstrate how the Open Standards frame-
work can be used for linking scientific and management
agendas in complex socio-environmental systems. We
create a conceptual model for a system, identify causal
knowledge gaps throughout the system with a literature
review, and highlight key types of knowledge gaps. Also,
we illustrate interdisciplinary linkages across the domains
of social and natural sciences. As an example, we examine
threats for large cats and game species in the Argentine
Chaco forest.
The Open Standards for conservation as a tool
for co-production of social and ecological
knowledge for adaptive management
The Open Standards framework can help promote under-
standing and effective management of complex systems
through explicit interventions. This approach has proven
useful for projects that range in scope from recovery of
target species to conservation of entire ecosystems. For
example, Open Standards was used in development of a
conservation plan for golden lion tamarins in Atlantic
forest of Brazil [18] and for development and evaluationCurrent Opinion in Environmental Sustainability 2020, 44:6–15
8 Resilience and complexity: frameworks and models to capture social-ecological interactionsof strategies implemented to conserve tigers and their
prey in Lao PDR [19,20]. In the US, this approach
supports management of grasslands, woodlands, and
freshwater estuaries [21,22], and in Australia, almost
160 million ha of arid shrublands are managed under
the adaptive cycle of Open Standards [23]. Projects
based on Open Standards focus on abatement of threats
and design and implementation of mitigation strategies
(e.g. restoration of indigenous protected areas in Australia
[24]). This framework is an effective tool for integrating
stakeholders that traditionally are not well represented in
planning processes and management. For example, in
Australia indigenous knowledge and governance pro-
cesses are leveraged to manage ancestral lands [25] and
restore indigenous protected areas [24]. Although the
Open Standards often is applied to projects with a specific
geographic scope (e.g. a protected area), this framework
also can help address problems that transcend geographic
boundaries. For example, Open Standards was key in
developing a theory of change for engaging communities
in combating illegal wildlife trade [19,26] and for exam-
ining political and economic complexities of private sec-
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Conceptual model and causal knowledge gaps (Gap type 1). We show how
which in turn are driven by contributing factors (far left). For this example, w
system includes two large cats (jaguars, Panthera onca; pumas, Puma conc
well as these cats (e.g. three species of peccaries, Pecari tajacu, Tayassu p
Priodontes maximus, five other species of armadillos, etc.). We illustrate a k
revenge killing of cats and ultimately the population status of cats. Numbers
study the causal link between two factors. In this figure, we aim to show an
complex socio-ecological systems and identify critical knowledge gaps rath
the Chaco forest. However, we suggest that similar efforts involving a wider
in the Chaco and other endangered ecosystems.
Current Opinion in Environmental Sustainability 2020, 44:6–15 applications of the Open Standards is limited, and we still
have much to learn. However, an assessment of the Open
Standards after a decade of use shows that, although
project teams rarely have completed the full project cycle,
users highly value this framework for its ability to inte-
grate components of complex systems and improve con-
servation practice [16].
We contend that the Open Standards could be used more
broadly in modelling of complex systems to better link
design of applied research agendas with conservation
practice. In particular, the Open Standards provides a
framework for systematically identifying research gaps
that hinder design, implementation, and evaluation of
conservation strategies. Further, this framework bridges
the domains of social and natural science to address
problems for biodiversity conservation. As an example,
we apply the Open Standards framework to conservation
of two biodiversity targets in the Argentine Chaco: top
predators (two species of large cats) and large game
species. The Gran Chaco ecoregion is the second largest
Neotropical forest after the Amazon, spanning roughly
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 conservation targets (far right) are affected by direct threats (middle),
e focus on large mammal conservation in the Chaco forest. Our
olor) and numerous game species that comprise prey for humans as
ecari, Catagonus wagneri; tapirs, Tapirus terrestris; giant armadillos,
nowledge gap (octagon) for a causal chain linking livestock ranching to
 in circles show the number of peered-reviewed articles found that
 example of how the Open Standards can be used to address
er than presenting an exhaustive analysis of large cat conservation in
 set of stakeholders would be valuable for modelling pressing threats
www.sciencedirect.com
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culture and pasture, this region suffers one of the highest
deforestation rates worldwide and is among the most
threatened regions in the world [33–36]. In northwest
Argentina [37,38], the landscape is dominated by soy-
beans and pastures with remnant forest patches between
large agricultural fields [37–39]. Only a few large tracts of
old-growth forest persist, separated by broad expanses of
agriculture [40]. The Chaco fauna is diverse and high in
endemics, particularly for large mammals [41,42]. In
addition to rapid landscape change, these large mammals
face a multitude of other threats common to tropical
forests, such as hunting (Figure 1; [43–45]).
Example model: large cats and large game
conservation in the chaco forest
A subset of the co-authors engaged in a workshop to
examine conservation problems for large cats and large
game species in the Argentine Chaco forest using the
Open Standards framework. Our group comprised former
government officials from natural resource agencies, for-
esters, geographers, ecologists, and socio-environmental
scientists. Based on participant knowledge, we built a
conceptual model and results chains (steps 1 and 2 of theFigure 2



































Examples of three results chains, or theories of change, with explicit causal
outcomes through a series of intermediate results. These causal links are w
knowledge gaps, see octagon 1). For a single direct threat (i.e. unsustainab
multiple strategies that could reduce this threat. Knowledge gaps are differe
strategy design/implementation gaps). For example, application of a social 
consumption patterns and taste preferences [46]. Effective law enforcemen
game. Development of sustainable harvest programs requires information o
of change and final outcomes is a key part of the adaptive management cy
appropriate indicators (Gap type 3, indicator gaps) often arise at this stage 
measuring the amount of hunting or population status of large cats?).
www.sciencedirect.com Open Standards, outlined in Box 1). Models within the
Open Standards framework generally are not intended to
show a complete view of how a system works, but instead
are built upon available information and expert knowl-
edge under the premise that models will evolve as new
information emerges (i.e. serve as an initial step in adap-
tive management). The conceptual model comprises
causal chains represented by a series of factors linked
to a specific threat for biodiversity targets. To identify
knowledge gaps, we conducted a systematic search of
peer-reviewed literature published since 1990 on Web of
Science to identify papers for Chaco that contained key
words from results chains. We then reviewed these papers
to assess the number that addressed each segment in the
causal chains (e.g. ‘high cat predation on livestock’ leads
to ‘revenge killing of cats’, Figure 1). We also identified
potential strategies to address threats, built results chains,
and illustrate how information gaps differ among strate-
gies (Figures 1 and 2).
Conceptual model
We began our modelling exercise focusing on the targets
of large cats and large game species (Figure 1). Our model
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 links between proposed strategies (orange boxes) and desired
orking hypotheses and represent knowledge gaps (Gap type 1, Causal
le subsistence and commercial hunting combined here), we show
nt for design and implementation of each strategy (Gap type 2,
marketing campaign in the Chaco forest requires understanding of
t may require knowledge of the routes illegal hunters use for killing
n reproductive potential of harvested species. Evaluation of the theory
cle that requires defining indicators. Knowledge gaps regarding
(e.g. What indicators are sufficiently sensitive, but also feasible, for
Current Opinion in Environmental Sustainability 2020, 44:6–15
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from habitat requirements of targets and mammal-
mediated processes in Chaco forest such seed dispersal
[43]. We identified five direct threats for populations of
the large cats and game species: subsistence hunting by
rural people, commercial hunting for meat and sport,
revenge killing by ranchers, increased roads that lead
to mortality from vehicle collisions, and agricultural
expansion, which destroys habitat and exacerbates other
threats ([46,47]; Figure 1). We then added examples of
contributing factors that can influence direct threats to
large cats and game species (Figure 1).
Protein consumption by rural and indigenous populations
that rely on wild meat [47,48], as well as their strong
cultural identity with hunting, promote subsistence and
game hunting (Figure 1). Commercial hunting for meat
and sport hunting also likely is increasing because of high
profitability and lack of sustainable harvest management
systems that limit hunting. Expansion of the agricultural
frontier reduces habitat for wildlife and probably
increases their exposure to hunters [43]. Our model also
includes revenge killing as a direct threat to large catsFigure 3
Primarily domain of social scientists 
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Traditional disciplinary split of scientists addressing complex conservation p
hunting shown in Figure 2 to illustrate this disciplinary split. Natural scientis
and stresses associated with these targets diagramed on the right side of t
of forest fragmentation, etc.). Social scientists (blue domain) focus on socia
left side of the model (e.g. how subsistence hunting is shaped by the cultur
open access natural resource management, etc.). The horizontal, linked stru
framework bridges these domains and illustrates why solving conservation 
large game species and large cats) requires a transversal approach where s
working teams that cross disciplinary boundaries and span the divide betwe
Current Opinion in Environmental Sustainability 2020, 44:6–15 linked to livestock management through a series of inter-
mediate factors [40,49–51] (Figure 1). Most of these
linkages represent hypotheses about how the system
works, which need to be tested and revised through
targeted research projects and monitoring in the adaptive
management cycle [18,19,20,25,27]. The structure of the
modeled system likely will change through this iterative
process. Also, a complete model would show more com-
plex chains of contributing factors. None-the-less, the
diversity of factors in this initial conceptual model illus-
trates the complex socio-ecological context of biodiversity
conservation in the Chaco and the need to engage an
interdisciplinary team to understand this context, identify
threats and contributing factors, and define potential
causal relationships among system components that can
be evaluated in the process of adaptive management.
Results chains
We illustrate creation of results chains with three strate-
gies that address subsistence and commercial hunting as
direct threats to large cats and game species in the
Argentine Chaco (Figures 2 and 3). Results chains show
a series of explicit causal links between a strategy,Primarily domain of natural scientists



























enough to support cats
and local hunting
Goal 3
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roblems. Here, we expanded the conceptual model for unsustainable
ts (green domain) most often conduct research on conservation targets
he model (e.g. ecological roles of species, population declines, impacts
l, political, and economic factors that contribute to direct threats on the
al identity of a rural population, social and economic consequences of
cture of conceptual models developed within the Open Standards
problems and attaining conservation goals (e.g. viable populations of
cientists address entire causal chains. This framework facilitates
en science and conservation practice.
www.sciencedirect.com
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be expanded to show mechanisms of change and under-
lying model assumptions. Results chains represent a
theory of change for the system following implementation
of a strategy. In the Open Standards, results chains, like
conceptual models, are dynamic models that change as
complex interactions within the system are understood.
For example, because the primary prey for large cats in
the Chaco forest are wildlife species that humans hunt,
reduction in hunting should increase food availability for
cats and improve their population status (right side of
results chain, [47] Figure 2). One potential strategy to
address hunting is a social marketing intervention with an
information campaign and community engagement
to switch rural protein consumption to domestic meats
(Figure 2; [52]). This strategy is based on the conjecture
that educating local people about negative impacts of
hunting or advantages of domestic meat will reduce their
consumption of wild game, increase their willingness to
consume domestic meat, and ultimately result in a reduc-
tion in hunting. Other critical assumptions underlying
this strategy are that rural populations have access to
domestic meat and that environmental impacts of pro-
duction of domestic meat do not reduce large mammal
populations more than hunting. As with conceptual mod-
els, these causal linkages and assumptions represent
hypotheses that need to be tested with research and
monitoring as part of the adaptive management process.
Multiple strategies often are needed to solve conservation
problems and each of these requires different types of
information (Figure 2). Furthermore, engagement of
social and natural scientists is required to address the
entire series of critical linkages between strategies, which
often are based on changing human behavior, and ulti-
mate impacts on conservation targets that are based on
positive changes in biological parameters. The Open
Standards provides a framework for creating and integrat-
ing teams of social and natural scientists, a universal
challenge in addressing, complex socio-ecological sys-
tems [16,17,21,23,27].
Identification of critical knowledge gaps
Threebroadtypesofknowledgegapsemergedasweapplied
the Open Standards to the Chaco (Figures 1 and 2). These
types of gaps likely are common for many systems, particu-
larly in regions where conservation has not been supported
by extensive research. We label the first type of knowledge
gap as causal knowledge gaps. These gaps occur when relation-
ships between components  of a complex socio-ecological
system are unknown and, consequently, outcomes from
implementation of strategies are uncertain. Our literature
review showed that most relationships in the conceptual
model for Chaco are either unstudied or supported by very
few studies (circled numbers in Figure 1). Knowledge gaps
regarding factors that contribute to unsustainable hunting
are particularly evident (e.g. multiple linkages with no
supporting studies). Within the Open Standards, thesewww.sciencedirect.com causal knowledge gaps would be addressed with moni-
toring focused on basic questions such as: Does the
system change as expected following implementation
of a strategy? Were goals reached? If not, where did
system behavior depart from the model? For example,
based on our conceptual model, if we implement a
livestock management strategy to reduce foraging of
livestock within forests, we would expect livestock
predation to decrease. As a result, ranchers would then
kill fewer cats, and populations of cats would increase
(Figure 1). This strategy could fail for several reasons.
First, reducing foraging of livestock in forests may not
reduce predation. Second, ranchers may continue killing
cats even though predation is lower. Finally, cat
populations may not increase because ranchers convert
forest to pasture to reduce livestock predation and con-
sequently reduce habitat for cats and their prey. Filling
causal knowledge gaps through research and monitoring
is critical for evaluating conservation success and detect-
ing unintended consequences of conservation actions
[16,17]. Importantly, research and monitoring provide
a basis for identifying missing and incorrect assumptions,
determining where complex interactions have been
omitted, and adapting results chains and conceptual
models so that they remain living documents within
an adaptive management process.
The second type of gap relates to design and implementation
of strategies. Conservation actions to reduce threats to
biodiversity or ecosystem services often are limited by
knowledge gaps that emerge in the design of strategies as
well as the implementation phase (Figure 2). These gaps
highlight the need to collect information for defining and
ranking potential strategies, such as feasibility under
social, political, economic, and ecological constraints,
and for on-the-ground implementation. For example,
what factors might facilitate or jeopardize successful
implementation of a social marketing campaign strategy
to decrease consumption of wild game in the Chaco?
What are the critical partnerships and human resources
needed for implementation? The participatory nature of
the Open Standards can integrate information from socio-
ecological research with local knowledge regarding world
views, value systems, and other drivers of human behavior
to help fill gaps for strategy design and implementation.
These gap types often are viewed as most urgent for
decision makers.
The third gap type, indicator gaps, are methodological
gaps that arise when assessing effectiveness of strategies.
Specifically, these gaps refer to uncertainties associated
with defining monitoring questions (what are the key
questions for measuring success?), identification of
indicator variables (what do we measure to answer these
questions?), data collection (how do we measure indica-
tors?), and interpretation (what should we use as a base-
line?, Figure 2). A critical step in the monitoring process,Current Opinion in Environmental Sustainability 2020, 44:6–15
12 Resilience and complexity: frameworks and models to capture social-ecological interactionsand one often given insufficient attention, is clarification
of the questions that indicators are meant to answer. In
addition, for monitoring to be useful, mechanisms must
be in place for monitoring results to feed back into
adaptive management and influence decision-making
[20]. Although ecological processes may be relatively well
understood, the best way to evaluate management suc-
cess may not be clear. For example, what is the best way
to measure sustainability of hunting in Chaco forests?
Also, sometimes identifying an appropriate indicator is
easy (e.g. density of harvested game species), but mea-
suring or monitoring this indicator is unfeasible. In that
case, how do we establish measures that are rigorous but
feasible? Defining questions for monitoring and indica-
tors that provide clear, practical measures of conservation
success are key challenges faced by most conservation
teams [14].
One important type of knowledge gap that our team did not
address relates to goal setting. Team members and other
important stakeholders often differ widely in their visions
and goals. For example, conserving large stands of forests or
healthy populations of large cats may not be a conservation
outcome that all stakeholders want to achieve. Impover-
ished communities or local politicians may see forest con-
servation as an impediment to increased economic devel-
opment, and livestock ranchers could view large cats as a
threat to their profitability from ranching. A clear under-
standing of these perspectives is key for developing a
shared vision, common goals, and consensus on what con-
stitutes conservation success. Better knowledge about a
socio-ecological system does not always lead to consensus
on conservation actions because many other factors
influence human behavior. However, understanding moti-
vations of key stakeholders is fundamental for building
consensus. The Open Standards process of working as a
team through the adaptive management cycle can help
build understandingand trust among stakeholders, identify
and support tradeoffs, and ultimately lead to greater agree-
ment on desired outcomes.
Conclusions and wider implications
The disparity between the knowledge produced and
knowledge required to tackle complex environmental
issues continues to grow [3]. Here, we show how the
Open Standards can help bridge this knowledge disparity
by fostering interactions among scientists and decision
makers to gain knowledge and develop solutions to
environmental challenges in complex systems. One of
the most important advantages of the Open Standards
framework is its simplicity. Conceptual models within
this framework typically do not incorporate complex
quantitative links (e.g. for non-linear and multi-
directional processes) and other frameworks might be
better suited to that end (e.g. quantitative causal diagrams
and structured decision making; [16,50,53,54]). Also, the
strong focus on threats sometimes can limit integration ofCurrent Opinion in Environmental Sustainability 2020, 44:6–15 economic and governance factors and worldviews that
influence the system. Ignoring these factors can hamper
design of effective strategies and ultimately lead to
project failure. This problem may occur most commonly
when project participants represent a narrow set of dis-
ciplines or stakeholders. However, the simplicity of the
Open Standards framework makes it accessible to teams
comprised of diverse perspectives and expertise, which
can help incorporate transdisciplinary drivers, world-
views, and other important perspectives that are not
knowledge-based. Also, this approach is particularly valu-
able for poorly studied systems with few quantitative
data, a problem common to regions of the world where
environmental problems are most urgent [41,55].
When decision makers, scientists, and other stakeholders
jointly identify knowledge needs for solving environmental
problems, then consensus on research priorities and appli-
cation of research findings is more likely to occur [12]. Also,
this collaborative approach serves as a forum for identifying
and addressing competing objectives of stakeholders. A
primary strength of the Open Standards is that it facilitates
conversations among stakeholders on how a system works,
what the threats to the system are, and what actions could
be implemented to achieve a defined set of conservation
goals. This process can help identify research priorities
informally (e.g. through discovery of knowledge gaps in
conceptual models) or more rigorously by linking research
priorities to outcomes of formal assessments within the
Open Standards (e.g. threat rating and target viability
assessment [15]). For example, under the Open Standards,
the three threats in Chaco that directly impact largecats and
game (i.e. unsustainable subsistence hunting, unsustain-
able commercial hunting, and revenge killing) would be
ranked by criteria such as severity and geographic extent of
their impact. Research on the highest ranked threat, as well
as strategies to mitigate this threat might be prioritized.
Alternatively, if threat ratings were deemed weak because
basic information on all threats is lacking, research on
severity and extent of the three threats might be an initial
priority. Once a conservation strategy is designed and
implemented, priorities for research and monitoring focus
on key components of the results chain that indicate
whether the strategy is successful (e.g. consumption of
wild meat is reduced with a marketing campaign in the
Chaco, Figure 2). Evaluation of important assumptions
related to unintended consequences of the strategy (e.g.
ecological, social or economic consequences) also are pri-
ority. For example, if rural people switch to raising more
domestic animals, this could result in greater conflicts with
large cats and more revenge killing. Other problems arise
when stakeholders have competing objectives. For exam-
ple, interests of local people may be at odds with conserva-
tion because conservation strategies negatively impact
their livelihood (e.g. in this case, lost income from com-
mercial sale of wildlife meat). The Open Standards can
help teams design, implement, and monitor multiplewww.sciencedirect.com
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(e.g. development of law enforcement strategies to reduce
illegal hunting and ecotourism opportunities to offset lost
income of hunters [20]).
The diversity of knowledge gaps that we identified
illustrates that, for most cases, these gaps are unlikely
to be filled by any single scientific discipline. In the
absence of a framework to build collaboration, natural
scientists often focus on immediate causes of biodiversity
decline, while social scientists study factors contributing
to drivers of such declines. This compartmentalization
can lead to a disconnect and lack of understanding of
linkages across the system (Figure 3). Importantly, the
Open Standards framework highlights knowledge gaps
that underpin all parts of an adaptive management pro-
cess. Anchored by construction of well-defined goals,
conceptual models, and results chains, the Open Stan-
dards process inherently requires collaboration from a
broad set of social and natural scientists, policy makers,
other conservation practitioners, and communities
affected by the conservation action. Tools such as sce-
nario building with diverse stakeholders also can link
effectively with the Open Standards framework to help
define opportunities and barriers for conservation success
[49–51]. We suggest that an integrated approach under
the Open Standards framework, through which decision-
makers and scientists from diverse disciplines address
entire segments of socio-ecological systems (Figure 3),
can speed up production of knowledge and generate
better understanding of the system. Furthermore, by
bringing together scientists and diverse stakeholders to
develop plans for conservation actions, the Open
Standards process increases the likelihood that this
knowledge will be applied to solve pressing environmen-
tal challenges.
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4. Cáceres DM, Silvetti F, Dı́az S: The rocky path from policy-
relevant science to policy implementation—a case study from
the South American Chaco. Curr Opin Environ Sustain 2016,
19:57-66.
5. Meyfroidt P: Approaches and terminology for causal analysis in
land systems science. J Land Use Sci 2016, 11:501-522.
6. Fazey I, Fischer J, Lindenmayer DB: What do conservation
biologists publish? Biol Conserv 2005, 124:63-73.
7. Arlettaz R, Schaub M, Fournier J, Reichlin TS, Sierro A,
Watson JEM, Braunisch V: From publications to public actions:
when conservation biologists bridge the gap between
research and Implementation. Bioscience 2010, 60:835-842.
8. Balmford A, Cowling RM: Fusion or failure? The future of
conservation biology. Conserv Biol 2006, 20:692-695.
9. McNie EC: Reconciling the supply of scientific information with
user demands: an analysis of the problem and review of the
literature. Environ Sci Policy 2007, 10:17-38.
10. Braunisch V, Home R, Pellet J, Arlettaz R: Conservation science
relevant to action: a research agenda identified and prioritized
by practitioners. Biol Conserv 2012, 153:201-210.
11. Rudd MA, Beazley KF, Cooke SJ, Fleishman E, Lane DE,
Mascia MB, Roth R, Tabor G, Bakker JA, Bellefontaine T et al.:
Generation of priority research questions to inform
conservation policy and management at a national level.
Conserv Biol 2011, 25:476-484.
12.

Enquist CA, Jackson ST, Garfin GM, Davis FW, Gerber LR,
Littell JA, Tank JL, Terando AJ, Wall TU, Halpern B et al.:
Foundations of translational ecology. Front Ecol Environ 2017,
15:541-550.
Describes science-practice gaps and argues for the co-production of
knowledge to bridge this gap.
13. Salafsky N, Salzer D, Stattersfield AJ, Hilton-Taylor C,
Neugarten R, Butchart SHM, Collen B, Cox N, Master LL,
O’Connor S et al.: A standard lexicon for biodiversity
conservation: unified classifications of threats and actions.
Conserv Biol 2008, 22:897-911.
14. Salafsky N, Margoluis R, Redford KH, Robinson JG: Improving
the practice of conservation: a conceptual framework and
research agenda for conservation science. Conserv Biol 2002,
16:1469-1479.
15. Dietz LA, Brown M, Swaminathan V: Increasing the impact of
conservation projects. Am J Primatol 2010, 72:425-440.
16.

Redford KH, Hulvey KB, Williamson MA, Schwartz MW:
Assessment of the conservation measures partnership’sCurrent Opinion in Environmental Sustainability 2020, 44:6–15
14 Resilience and complexity: frameworks and models to capture social-ecological interactionseffort to improve conservation outcomes through adaptive
management. Conserv Biol 2018, 32:926-937.
Evaluates 10 years of implementation of the Open Standards for
Conservation.
17. Margoluis R, Stem C, Swaminathan V, Brown M, Johnson A,
Placci G, Salafsky N, Tilders I: Results chains: a tool for
conservation action design, management, and evaluation.
Ecol Soc 2013, 18:22.
18. Ruiz-Miranda CR, de Morais MM Jr, Dietz LA, Rocha
Alexandre B, Martins AF, Ferraz LP, Mickelberg J,
Hankerson SJ, Dietz JM: Estimating population sizes to
evaluate progress in conservation of endangered golden
lion tamarins (Leontopithecus rosalia). PLoS One 2019,
14:1-18.
19. Johnson A, Goodrich J, Hansel T, Rasphone A, Saypanya S,
Vongkhamheng C, Venevongphet, Strindberg S: To protect
or neglect? Design, monitoring, and evaluation of a law
enforcement strategy to recover small populations of wild
tigers and their prey. Biol Conserv 2016, 202:99-109.
20. Eshoo PF, Johnson A, Duangdala S, Hansel T: Design,
monitoring and evaluation of a direct payments approach for
an ecotourism strategy to reduce illegal hunting and trade of
wildlife in Lao PDR. PLoS One 2018, 13:e0186133.
21. Schwartz MW, Deiner K, Forrester T, Grof-Tisza P, Muir MJ,
Santos MJ, Souza LE, Wilkerson ML, Zylberberg M: Perspectives
on the open standards for the practice of conservation. Biol
Conserv 2012, 155:169-177.
22. Evans NM, Carrozzino-Lyon AL, Galbraith B, Noordyk J,
Peroff DM, Stoll J, Thompson A, Winden MW, Davis MA:
Integrated ecosystem service assessment for landscape
conservation design in the Green Bay watershed, Wisconsin.
Ecosyst Serv 2019, 39:1-10.
23.

Carr B, Fitzsimons J, Holland N, Berkinshaw T, Bradby K,
Cowell S, Deegan P, Koch P, Looker M, Varcoe T et al.:
CAPitalising on conservation knowledge: using conservation
action planning, healthy country planning and the Open
Standards in Australia. Ecol Manage Restor 2017, 18:176-189.
Shows an application of the Open Standards for Conservation to tackle
complex systems in Australia.
24. Godden L, Cowell S: Conservation planning and indigenous
governance in Australia’s indigenous protected areas. Restor
Ecol 2016, 24:692-697.
25. Moorcroft H, Ignjic E, Cowell S, Goonack J, Mangolomara S,
Oobagooma J, Karadada R, Williams D, Waina N: Conservation
planning in a cross-cultural context: the Wunambal Gaambera
Healthy Country Project in the Kimberley, Western Australia.
Ecol Manage Restor 2012, 13:16-25.
26. Biggs D, Cooney R, Roe D, Dublin HT, Allan JR, Challender DWS,
Skinner D: Developing a theory of change for a community-
based response to illegal wildlife trade. Conserv Biol 2017,
31:5-12.
27. Rubino EC, Pienaar EF: Applying a conceptual framework to
rhinoceros conservation on private lands in South Africa.
Endangered Species Res 2017, 34:89-102.
28. Prado DE, Gibbs PE: Patterns of species distributions In the dry
seasonal forests of South-America. Ann Missouri Bot Garden
1993, 80:902-927.
29. Olson DM, Dinerstein E, Wikramanayake ED, Burgess ND,
Powell GVN, Underwood EC, D’amico JA, Itoua I, Strand HE,
Morrison JC et al.: Terrestrial ecoregions of the world: a new
map of life on earth. BioScience 2001, 51:933-938.
30.

Kuemmerle T, Altrichter M, Baldi G, Cabido M, Camino M,
Cuellar E, Leny Cuellar R, Decarre J, Diaz S, Gasparri I et al.:
Forest conservation: remember Gran Chaco. Science 2017,
355:465.
Exhibits the conservation emergency of the Gran Chaco.
31. Martensen AC, Ribeiro MC, Banks-Leite C, Prado PI, Metzger JP:
Associations of forest cover, fragment area, and connectivity
with neotropical understory bird species richness and
abundance. Conserv Biol 2012, 26:1100-1111.Current Opinion in Environmental Sustainability 2020, 44:6–15 32. Pennington RT, Lavin M, Oliveira-Filho A: Woody plant diversity,
evolution, and ecology in the tropics: perspectives from
seasonally dry tropical forests. Annu Rev Ecol Evol Syst 2009,
40:437-457.
33. Zak MR, Cabido M, Hodgson JG: Do subtropical seasonal
forests in the Gran Chaco, Argentina, have a future? Biol
Conserv 2004, 120:589-598.
34. Boletta PE, Ravelo AC, Planchuelo AM, Grilli M: Assessing
deforestation in the Argentine Chaco. For Ecol Manage 2006,
228:108-114.
35. Torres R, Ignacio Gasparri N, Blendinger PG, Ricardo Grau H:
Land-use and land-cover effects on regional biodiversity
distribution in a subtropical dry forest: a hierarchical
integrative multi-taxa study. Reg Environ Change 2014,
14:1549-1561.
36. Sacchi LV, Ignacio Gasparri N: Impacts of the deforestation
driven by agribusiness on urban population and economic
activity in the Dry Chaco of Argentina. J Land Use Sci 2016,
11:523-537.
37. Baumann M, Gasparri I, Piquer-Rodrguez M, Gavier Pizarro G,
Griffiths P, Hostert P, Kuemmerle T: Carbon emissions from
agricultural expansion and intensification in the Chaco. Global
Change Biol 2017, 23:1902-1916.
38. Vallejos M, Volante JN, Mosciaro MJ, Vale LM, Laura
Bustamante M, Paruelo JM: Transformation dynamics of the
natural cover in the Dry Chaco ecoregion: a plot level geo-
database from 1976 to 2012. J Arid Environ 2015, 123:3-11.
39. Núñez-Regueiro MM, Branch L, Fletcher RJ, Marás GA,
Derlindati E, Tálamo A: Spatial patterns of mammal occurrence
in forest strips surrounded by agricultural crops of the Chaco
region, Argentina. Biol Conserv 2015, 187.
40. Piquer-Rodriguez M, Torella S, Gavier-Pizarro G, Volante J,
Somma D, Ginzburg R, Kuemmerle T: Effects of past and future
land conversions on forest connectivity in the Argentine
Chaco. Landsc Ecol 2015, 30:817-833.
41. Redford K, Taber A, Simonetti J: There is more to biodiversity
than the tropical rain-forests. Conserv Biol 1990, 4:328-330.
42. Periago ME, Chillo V, Ojeda RA: Loss of mammalian species
from the South American Gran Chaco: empty savanna
syndrome? Mammal Rev 2015, 45:41-53.
43. Romero-Munoz A, Torres R, Noss AJ, Giordano AJ, Quiroga V,
Thompson JJ, Baumann M, Altrichter M, McBride R, Velilla M et al.:
Habitat loss and overhunting synergistically drive the
extirpation of jaguars from the Gran Chaco. Divers Distrib 2019,
25:176-190.
44. Altrichter M, Boaglio G, Perovic P: The decline of jaguars
Panthera onca in the Argentine Chaco. Oryx 2006, 40:302-309.
45. Quiroga VA, Boaglio GI, Noss AJ, Di Bitetti MS: Critical
population status of the jaguar Panthera onca in the Argentine
Chaco: camera-trap surveys suggest recent collapse and
imminent regional extinction. Oryx 2014, 48:141-148.
46. Altrichter M: Wildlife in the life of local people of the semi-arid
Argentine Chaco. Biodivers Conserv 2006, 15:2719-2736.
47. Altrichter M: The sustainability of subsistence hunting of
peccaries in the Argentine Chaco. Biol Conserv 2005,
126:351-362.
48. Milner-Gulland EJ, Bennett EL: Wild meat: the bigger picture.
Trends Ecol Evol 2003, 18:351-357.
49. Gavier-Pizarro G, Calamari N, Piquer-Rodrı́guez M, Kuemmerle T:
Scenario analysis applied to landscape planning (El método de
construcción de escenarios aplicado al ordenamiento
territorial). In Landscape Planning: Concepts, Methods and
experiences. Edited by Paruelo. FAO/MAG/UBA. 2014:217-240.
50. Kim DH: Pocket guide: guidelines for drawing causal loop
diagrams. The Systems Thinker. 2016.
51. Treves A, Wallace RB, Naughton-Treves L, Morales A: Co-
managing human–wildlife conflicts: a review. Hum Dimens
Wildl 2006, 11:383-396.www.sciencedirect.com
Open standards help model socio-ecological systems Núñez-Regueiro et al. 1552.
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